Abstract Rb-Sr multimineral isochron data for metamorphic veins allow to date separate increments of the mineral reaction history of polymetamorphic terranes. Granulite facies rocks of the Lindås nappe, Bergen Arcs, Norway, were subducted and exhumed during the Caledonian orogeny. The rocks show petrographic evidence for two distinct events of local fluid infiltration and vein formation, along fractures and shear zones. The first occurred at eclogite facies (15-21 kbar, 650-750 °C) and a later one at amphibolite facies conditions (8-10 kbar, 600°C). The presence of fluids enabled local metamorphic equilibration only near fluid pathways. In fluid-absent domains, preexisting assemblages were metastably preserved. This resulted in a heterogeneity of metamorphic signatures on m-to µm-scales. Well-preserved granulite facies rocks preserve their Proterozoic Rb-Sr mineral ages, as does the U-Pb system of zircon in most lithologies. Six Rb/Sr multimineral isochron ages for eclogite facies veins and their immediate wallrocks date the fluid-induced eclogitization at 429.9 ± 3.5 Ma (2σ, weighted average, MSWD = 0.39). An eclogite facies vein has yield metamorphic zircon with concordant U-Pb ages of 429 ± 3 Ma, identical to the U-Pb age of 427.4 ± 0.9 Ma for zircon xenocrysts in an amphibolite facies vein. Seven Rb/Sr mineral isochron ages date amphibolite-facies fluid infiltration at 414.2 ± 2.8 Ma (MSWD = 1.5), an age value testifying to residence of the rocks in the deep orogenic crust at temperatures >600°C for nearly 15 Ma. The new data show that Rb-Sr mineral isochron ages effectively date fluid-induced (re)crystallization events rather than stages of cooling. The direct link between isotopic ages and distinct petrographic equilibrium assemblages aids to constrain the evolution of rocks in the P-T-reaction-time space, which is essential for understanding exhumation histories and the internal dynamics of orogens in general.
Introduction
The architecture of the Scandinavian Caledonides is largely the result of continent-continent collision between Baltica-Avalonia and Laurentia, and of subsequent extension of the orogen in the Late Silurian to Middle Devonian (Roberts and Gee 1985 , Torsvik et al. 1996 , Fossen 2000 . Western Norway offers surface exposure of a fragmented but complete crustal section of the collapsed orogen, including rocks that have been subducted and exhumed from depths of more than 100 km. The Bergen Arcs high pressure (HP) rocks form, together with the Western Gneiss Region (WGR), one of the largest HP-to UHP provinces in the world. The Bergen Arcs HP rocks are famous for their preservation of km-scale coherent eclogite facies deformation patterns, and for recording progressive eclogitization at depth (Austrheim 1987 , Austrheim and Boundy 1994 , Jolivet et al. 2005 . They offer an unique opportunity to study metamorphic and tectonic processes in the eclogite facies root zones of collisional orogenic belts. Local exhumation-related tectonic overprint and associated retrograde mineral reactions in these rocks potentially provide insight on how HP rocks approach the upper crust. To explore all the information contained in HP rocks on the internal dynamics of collisional orogens at depth, geochronological data is of key importance. Ideally, age data should be unequivocally linked to specific processes in a rocks' history, for which indications for pressure, temperature and the deformation regime are available. To firmly establish the timing of a distinct metamorphic event, several independent and consistent age estimates are desirable, either from different isotope systems or from a variety of samples. If several subsequent stages of overprint during subduction and exhumation can be distinguished and accurately dated, a rock volume may serve as a 'track recorder' on its way through an evolving orogen. The Lindås nappe of the Bergen Arcs, W Norway ( Fig. 1) is composed of rocks of the anorthosite-mangerite-charnockite-granite suite (Kolderup and Kolderup 1940) . Magmatic crystallization ages range from ~1240 Ma to 951 ± 2 Ma (Bingen et al. 2001) . The complex witnessed diverse metamorphic imprints. The rocks were entirely recrystallized at granulite facies conditions during the Grenvillian (Sveconorwegian) orogeny (at around 930 Ma, Bingen et al. 2001) . Protracted high-temperature conditions are indicated by Sm-Nd and RbSr mineral ages between 929 ± 9 and 835 ± 7 Ma (Cohen et al. 1988 , Burton et al. 1995 , Kühn et al 2000 . During the Caledonian orogeny, the granulite facies rocks were partially transformed to eclogite. Age data for this eclogitization event are crucial for reconstruction of the Caledonian orogeny. Numerous attempts have been made at isotopic dating of the eclogite metamorphism. Published 40 Ar- 39 Ar, Rb-Sr, Sm-Nd, and U-Pb based age results, employing various mineral systems, scatter between roughly 460 and 420 Ma (Cohen et al. 1988 , Bingen et al. 2001 , Bingen et al. 2004 Boundy et al. , 1997b . Inconsistency between the existing age data appears to relate to isotopic disequilibria in and among minerals of some of the studied eclogites. Such disequilibrium problems are common in eclogite geochronology, and often very difficult to recognize. They have manifold reasons, including isotopic inheritance (cf. Villa 2004 and references therein), incorporation of excess Ar into HP minerals (Scaillet 1998) , persistence of zircon cores through metamorphism (Bingen et al. 2004) , limited isotopic homogenization during metamorphic mineral reactions (Thöni and Jagoutz 1992, Romer and Siegesmund 2003) , or incipient retrograde mineral reactions (Di Vincenzo and Palmeri 2001) . Post-eclogite-facies exhumation of the Lindås nappe was accompanied by local amphibolite facies overprint of granulites and eclogites . Published Rb-Sr and 40 Ar/ 39 Ar age estimates for this overprint are inconclusive as they cover a wide range of ages, between >455 Ma and 409 ± 8 Ma. Based on age data for granitoid dykes, bracketed the amphibolite facies overprint to between ~425 and 409 ± 8 Ma. This study re-addresses the geochronology of eclogite facies and amphibolite facies overprints in the Lindås nappe. Recent studies have shown that multimineral Rb-Sr isochron data yield precise and accurate ages for eclogite facies metamorphic reactions, provided that a) eclogite facies equilibrium assemblages are analyzed, and b) that demonstrably no posteclogitic diffusional intermineral isotope redistribution occurred , Glodny et al. 2005 . The Bergen Arcs eclogites contain numerous eclogite facies quartz-phengitekyanite-omphacite veins. Such veins are commonly formed during subduction, at progradeto peak stages of the eclogitization process (Becker et al. 1999 , Widmer and Thompson 2001 , Glodny et al. 2005 . For a number of vein occurrences worldwide, it has been shown that fluids were in isotopic equilibrium with their host rocks (e.g., Nadeau et al. 1993 , Glodny et al. 2005 . We therefore focus Rb-Sr work on vein assemblages and assemblages in the immediate wallrocks, because achievement of inter-mineral Sr isotopic equilibrium is likely in these lithologies. We also surveyed a number of veins for fluid-precipitated zircon suitable for U-Pb dating of fluid activity. Amphibolite facies recrystallization is most complete in the vicinity of amphibolite facies fluid pathways. Some of these pathways are filled with fluidprecipitated veins. We date amphibolite facies fluid activity using Rb-Sr, Sm-Nd and U-Pb mineral data from these veins and their wallrocks. Isotope data are complemented by an evaluation of the P,T conditions recorded in the dated rocks. Our results put new constraints on the much-discussed Caledonian metamorphic and tectonic history of the Lindås nappe.
Geological setting
During the Caledonian orogeny, the western margin of Baltica was subducted below Laurentia. Subduction and subsequent collision created high-pressure metamorphic rocks that were subsequently exhumed. During exhumation, high-pressure rocks of the Bergen Arcs were thrusted towards southeast, onto the Baltica margin (e.g., Roberts and Gee 1985) . The Bergen Arcs (Fig. 1) form an arcuate structure of Caledonian nappes, centered around the city of Bergen. A main constituent is the Lindås nappe, characterized by granulite facies anorthositic rocks with a HP metamorphic imprint. The Lindås nappe tectonically rests upon the Hardangerfjord nappe (Ragnhildstveit and Helliksen 1997) . The Hardangerfjord nappe is made up of Late Ordovician to Early Silurian (Llandovery) metasediments of mainly oceanic affinity (Kolderup and Kolderup 1940, Dunning and Petersen 1988) . It is intruded by the syntectonic Krossnes granite, located about 20 km south of Bergen and dated at 430 ± 6 Ma (Rb-Sr whole rock isochron; Fossen and Austrheim 1988) . The W-dipping Bergen Arcs shear zone forms the eastern limit of the Bergen Arcs nappe stack. To the east, in the footwall of this fault, basement rocks of the Western Gneiss Region are located, which similar to the Lindås nappe show a Caledonian HP metamorphic overprint. Subduction-related metamorphic signatures are thus present in the regionally lowermost and uppermost tectonostratigraphic positions (cf. and references therein). The Lindås nappe is unconformably overlain only by Middle Devonian continental-clastic sediments of the Fensfjorden basin (e.g., Wennberg and Milnes 1994) .
Field aspects of metamorphism
The Lindås nappe is interpreted as reworked continental lower crust . Caledonian overprint is manifested in partial eclogitization of the preexisting granulites, followed by local amphibolite facies shearing and retrogression. Local greenschist facies overprint is present as well , Austrheim 1987 , Austrheim and Mørk 1988 . Eclogitization is regionally unevenly distributed in the Lindås nappe. The highest degree of eclogitization is seen in the NW part of Holsnøy island, where eclogite accounts for more than 50% of the total rock volume (Fig. 1) , and where the highest Caledonian P, T conditions are recorded. Maximum metamorphic P,T conditions appear to decrease towards E in the Lindås nappe. Jadeite content in omphacite is lower on Radøy island than on Holsnøy (Fig. 1) . In the eastern part of the Lindås nappe, eclogites are missing (cf. . Eclogitization is clearly related to fluid influx from external sources into the anorthositic unit. Granulite is converted to eclogite around fractures, which are either sealed by quartz, or filled with quartz-phengite-kyanite-clinozoisite-omphacite assemblages ( Fig. 2a ; Austrheim and Mørk 1988) . Omphacite and clinozoisite crystals in eclogite facies veins are locally idiomorphic (Fig. 2f) , suggesting growth in an open space filled with fluid. Minerals of the veins show eclogite facies textural equilibrium. They are commonly coarsegrained, with omphacite prisms or white mica 'books' up to several cm in size. Geometry of eclogite facies veins varies. Some veins developed on a network of fracture planes (e.g., Fig.  2a ). Others appear to take the place of former fluid channels and are disc-shaped in cross section (Fig. 2c) . Eclogite facies deformation is spatially linked to zones of fluid infiltration (Fig. 2a) and triggers further eclogitization , Austrheim 1987 . Obviously the granulite-to-eclogite reaction progress is limited by the availability of hydrous fluid. In absence of fluid as a reactant, the granulite is metastably preserved, an inference that can be generalized (e.g., Bjørnerud et al. 2002) . Field evidence shows that local amphibolitization postdates the partial eclogitization (e.g., Fig. 2c-e; Andersen et al. 1991a , Schneider et al. 2006 , and that amphibolitization is similarly fluid-limited. Amphibolitization of both eclogites and granulites occurs in cm-to m wide aureolas around amphibolite facies fluid pathways, which are sealed with quartzplagioclase-dominated assemblages (Fig. 2e) . In addition, amphibolitization occurs in cm-to m-sized patches (Fig. 2c) . These patches are most likely related to local fluid access through faults and cracks. A slight, arrested amphibolite facies overprint is present in most rocks of the Lindås nappe. In the eclogites this is evident from formation of reaction rims around garnet and from symplectitic breakdown of omphacite, starting from cracks and grain boundaries (Fig. 2d) . In granulites, incipient biotite formation at the expense of pyroxenes is commonly observed ). It appears that on a microscopic, sub-grain scale, most rocks of the Lindås nappe show disequilibrium textures, recording more than one event of the metamorphic history.
Petrography and sampling
Pristine granulites of the Lindås nappe typically consist of plagioclase, ± K-feldspar, quartz, clinopyroxene, orthopyroxene, garnet-(I), dark brown amphibole, ± scapolite, and apatite. Whole rock chemistry is variable. Mafic, K-poor, anorthosite-gabbro-like compositions dominate in the most intensely eclogitized NW part of Holsnøy, while elsewhere charnockiticmangeritic compositions predominate (Austrheim 1990 ). In places, granulite facies ultramafic, olivine-rich rocks occur as m-scale lenses. They preserve their granulite facies mineralogy, even in eclogitized matrix (Kühn et al. 2000 , Camacho et al. 2005 . We sampled pristine quartz mangerite (Taulsvågen, Radøy) for zircon U-Pb analysis (Samples HA693, HA696; see Appendix for detailed description). Full eclogitization of granulite is achieved only immediately along zones of fluid infiltration and in related shear zones. Distal to these zones, eclogitization is incomplete. Petrographically relic-free eclogitic assemblages are also present within the eclogite facies veins (see above). Unaltered eclogite presents a light green color. Typical eclogite assemblages are omphacite, eclogitic garnet, phengite, epidote group phases, kyanite, quartz, rutile, apatite, ± paragonite ± amphibole ± feldspar phases ± calcite/dolomite. Preservation of eclogite from amphibolite facies retrogression is best in quartz-kyanite-rich varieties, i.e., in transition zones between eclogitic veins and their wallrocks. For Rb-Sr isotopic dating of eclogitization we selected six samples of eclogitic veins and wallrock (samples 50-00V; 50-00E; ABJ; HUS2; 78-99; 77-99; see Appendix for details). Not all of the veins include the subassemblage garnet+omphacite, but all of them at least coexist with garnet+omphacite in their immediate wallrock, testifying to their formation at eclogite facies conditions. Characteristic sample sizes were <200 g, to minimize the risk of intra-sample Srisotopic heterogeneities. For evaluating the effect of incipient amphibolite facies overprint on Rb-Sr mineral systematics we also analyzed two samples of partly amphibolitized vein material (samples STRO1, ADNA, see Appendix). In a search for possible eclogite facies, fluid-precipitated zircon in eclogitic veins we only detected zircon in 4 out of ~10 vein samples. Only vein samples ABJ and ADNA produced enough zircon for U-Pb analysis. With increasing degree of amphibolitization, the light green color of eclogite gradually changes to dark green. This is mainly due to growth of calcic amphibole, biotite and chlorite at the expense of omphacite, phengite and Na-Ca-amphibole. Even minute amphibolitization is easily recognized, because biotite forms conspicious small epitactic overgrowths on phengite. Amphibolitization reactions further include growth of plagioclase and epidote, conversion of rutile to sphene ± ilmenite, and conversion of high-Si phengite-(I) to low-Si phengite-(II). Locally, kyanite and garnet are stable during amphibolitization. Abundance of hydrous phases in amphibolite assemblages points to the importance of fluid infiltration. Consequently, relic-free amphibolite facies rocks are present in the field either in amphibolite facies veins and shear zones, or in the immediate wallrock of such veins. For Rb-Sr work we selected two amphibolite facies vein samples (HOL4, 81-99), one vein wallrock (HU11b), two amphibolite facies gneisses (SJU1, SJU2), and two amphibolitized former eclogites without indications for amphibolite facies deformation (static amphibolitization; AB1, HUS1a). The vein sample HOL 4 produced some zircon which we analyzed for U-Pb. Presence of several REE-rich, amphibolite facies phases in the statically amphibolitized sample AB1 (Fig. 2c ) prompted us to analyze this sample for Sm-Nd mineral systematics.
Analytical procedures
For Rb/Sr and Sm/Nd isotope work, mineral concentrates of the white micas, omphacite, garnet, apatite, epidote/zoisite, feldspar, amphibole, sphene, and biotite were produced. In general, care was taken to select material without any reaction rims or alteration. White mica sieve fractions were ground in ethanol in an agate mortar and then sieved in ethanol in order to obtain inclusion-free separates. Secondary (Fe, Mn)-hydroxides on some mineral separates were removed with a 5% aqueous solution of oxalic acid. All concentrates were purified by hand-picking under the binocular microscope. Whole rock powders were prepared in an agate mill.
Samples were analyzed for Rb, Sr, Sm, and Nd contents by isotope dilution. Sr ratios and of +/-1.5 % for Rb/Sr ratios were applied in isochron age calculations (cf. Kullerud 1991) except for the rare cases in which determined analytical uncertainties were bigger than these values. Uncertainties of isotope and age data are quoted at 2σ throughout this work. The program ISOPLOT/EX 2.06 (Ludwig, 1999) Pb ratios are <0.06%. Laboratory blanks for the above procedure are <25 pg for Pb and <3 pg for U. Measured isotopic ratios were corrected by 0.11 +/-0.05 % (2σ) / a.m.u. mass fractionation. Data reduction and age calculation was performed using the programs PBDAT (Ludwig, 1993) and Isoplot/Ex (Ludwig, 1999) . Quantitative mineral analyses used for thermobarometry were performed on a CAMECA Camebax Microprobe at the Geological Museum at the University of Oslo. Natural and synthetic phases were used for calibration. Mineral analyses were performed using an accelerating voltage of 15kV, a beam current of 10 nA and a defocused electron beam. Data reduction was done using the CAMECA PAP software.
P-T estimates for Caledonian metamorphic events

Eclogite facies
For eclogite facies metamorphism, conditions around 650 to 700°C and 15 kbar are derived (Fig. 3a) . Thermometry is based on the Mg-Fe exchange between coexisting garnet and omphacite using the calibrations from Powell (1985) , Krogh (1988) and Krogh Ravna (2000) . Pressure estimates rely on Jd-content in clinopyroxene (Holland 1980 (Holland , 1983 and the garnetphengite-omphacite barometer (Waters and Martin 1993) ..In eclogites from Holsnøy, Si in phengite varies between 3.15 and 3.3 apfu (Supplementary Table. 1; ). This indicates minimum pressures in the range of 15 kbar at 700°C ( Fig. 3a ; Si-in-phengite barometer of Massone and Schreyer (1989) , Si Phe =3.2) A survey of existing P,T data for the Bergen Arcs eclogites reveals full consistency between existing temperature estimates at ~700°C. (Supplementary Table 2 ). A pressure of 15 kbar appears to be a robust minimum pressure estimate. argued, from the coexistence of cpx, pg, ky and qtz, that ~21 kbar denotes the maximum recorded pressure in the Bergen Arcs eclogites.
Amphibolite facies
Amphibolite facies mineral associations developed in Bergen Arcs lithologies are not favourable for precise estimates on P,T conditions. Yet, composition of phengitic white mica and amphibole vary systematically between amphibolite facies and eclogite facies rocks, which provides hints to amphibolite facies recrystallization conditions. Si in phengite of amphibolite facies rocks is between 3.05 and 3.09 (compared to 3.15-3.3 in eclogites; see Supplementary Table 1 ; ). This corresponds to minimum pressure between 6 and 8 kbar at estimated 600°C (cf. Massonne and Schreyer 1989) . As to amphibole mineral chemistry, amphibole characterized by high Na in the M4 position (>0.5 pfu) and in the A-position (≥0.75 pfu) is restricted to eclogites. In the amphibolites, Na(A) is generally lower (<0.5 pfu) but equally high in the M4-position (data of the authors, to be presented elsewhere). These changes and the generally higher Al IV content in the amphiboles from the eclogites indicate significantly lower P and/or T for amphibolite facies recrystallization compared to eclogite metamorphism. In amphibolite facies chlorite-amphibole-plagioclase coronas, tschermakitic and Mghornblende are in textural equilibrium with plagioclase. This assemblage corresponds to temperatures between 560 and 600°C (Hbl-Pl thermometer of Blundy and Holland 1990) . The calibrations of this thermometer by Plyusnina (1982) and Spear (1980) yield temperatures between 550 and 600º C; the Plyusnina calibration indicates a metamorphic pressure in excess of 8 kbar (unpublished data of the authors). A common feature in amphibolitized eclogites is the partial breakdown of kyanite enclosed in plagioclase to zoisite + margarite. This reaction can be modelled in the system CaO-Al 2 O 3 -SiO 2 -H 2 O (CASH) using the phases margarite, zoisite, kyanite and anorthite. Based on equilibrium between the phases zoisite, margarite, quartz and plagioclase an invariant point I [Zo, Ky, Mrg, Qtz, H 2 O] at ~8 kbar, ~600ºC is calculated in a petrogenetic grid (constructed using TWEEQU ; Fig. 3b ). Summarizing the above results, we adopt 8-10 kbar, 600°C as likely conditions for the amphibolite facies fluid-rock interaction episode.
Results: Isotope data
Granulite facies rocks
Two well-preserved granulite facies quartz mangerite samples from Taulsvågen, Radøy, produced large zircon crystals with anhedral shapes and characteristically corroded or rounded surfaces. One zircon fraction yields U-Pb data concordant at ~980 Ma. Together with the other fraction, a discordia line is defined with an upper intercept at 978.8 ± 5.7 Ma (Fig. 4) and a poorly defined lower intercept at 222 ± 240 Ma (Fig. 4) .
Eclogite facies rocks
All analyzed eclogite facies veins and vein wallrocks yielded valid Rb-Sr mineral isochron ages, numerically between 422 ± 23 Ma and 431.0 ± 3.9 Ma (Tab. 1; results for samples ABJ and HUS2 in Fig. 5 ). With the exception of sample ABJ, eclogite facies white mica is characterized by uncommonly low 87 Rb/ 86 Sr ratios, typically around 0.1, resulting in enhanced age uncertainties (Tab. 1). The six Rb/Sr multimineral isochron ages are identical within limits of error. The weighted average of the ages is 429.9 ± 3.5 Ma (95% conf., MSWD = 0.39). Two samples of eclogite facies vein mineralizations present indications for incipient amphibolitization (e.g., growth of symplectite rims on omphacite, Fig. 2d ; samples STRO1, ADNA; Tab. 1). These rocks consistently show Sr-isotopic inter-mineral disequilibria, which renders their Rb-Sr isotope datasets geochronologically meaningless. Zircon was recovered from two eclogite facies veins. U-Pb analysis of three zircon fractions from sample ABJ ( Fig. 2c ; Supplementary Table 3) yields a discordia with an upper intercept age of 952 ± 19 Ma and a lower intercept at 588 ± 38 Ma (Fig. 4) . U-Pb analysis of 5 zircon fractions from vein sample ADNA ( Fig. 2f ) produced a cluster of concordant data at 429 ± 3 Ma (Fig. 6 ). 
Amphibolite facies rocks
Discussion
Geochronology of granulite facies rocks
U-Pb data for zircon from pristine granulite facies quartz mangerite samples from Taulsvågen, Radøy, define a discordia line with an upper intercept at 978.8 ± 5.7 Ma (Fig. 4) . The age of granulite facies metamorphism in the area is well defined by U-Pb ID-TIMS data, at 933 ± 2 Ma and 929 ± 1 Ma, respectively (Bingen et al. 2001) . We therefore interpret the age of 978.8 ± 5.7 Ma as crystallization age of the magmatic precursor of the granulite. This age value falls in between the existing two clusters of intrusion ages for Lindås nappe igneous protoliths (~1240 Ma and near 951 ± 2 Ma, Bingen et al. 2001 ). It appears that emplacement of the protoliths has been a protracted process, with several distinct magmatic episodes.
Timing and mode of the eclogite facies overprint
Inherited zircon in an eclogite facies vein
The eclogite facies vein sample ABJ (Fig. 2c) included zircon with mostly anhedral to rounded shapes, analyzed in an attempt to date eclogite facies vein precipitation. Crystal sizes reach up to 400 µm. Three zircon multigrain fractions define a discordia line with an upper intercept age at 952 ± 19 Ma and a lower intercept age of 588 ± 38 Ma (Fig. 4) . From these data it is clear that this eclogitic vein carries Proterozoic, either magmatic or granulite facies zircon as xenocrysts. However, the lower intercept age does not correspond to any known geologic event in the area. We consider it as a mixed age information from a composite zircon population, with no direct geological significance. If this interpretation is correct, the 952 ± 19 Ma upper intercept age has no direct geological significance either. It only approximates the crystallization age of the dominant zircon component.
Eclogite facies zircon in an eclogite facies vein
Zircon separated from the other eclogite facies vein (sample ADNA, Fig. 2f ) shows entirely different characteristics. Crystals are large, up to >1 mm in size, corresponding to their megacrystic host rock of phe + omp + qtz. Most zircon crystals are colorless and idiomorphic, with simple forms and c/a axis length ratios of ~3. Quartz inclusions occur. Cathodoluminescence imaging shows chaotic to polygonal zoning, with conspicious bright domains in some crystals (Fig. 7) . This pattern is modulated by a weak oscillatory zoning. Indications for inherited cores are missing. The zircons are most probably fluid-precipitated, 'hydrothermal' in origin, and part of the eclogite vein assemblage. This interpretation is supported by the very low Table 3) . Such low Th/U ratios are characteristic for eclogite facies zircon from the Bergen Arcs (Bingen et al. 2001) . They possibly reflect zircon growth in equilibrium with Th-scavenging phases, like epidote-zoisite-group minerals (cf. Bingen et al. 2004) , which are present in major amounts in the vein sample. Oscillatory zoning does not counter the interpretation of zircon as hydrothermal in origin. While this zoning is characteristic for magmatic zircon, it has similarly been described for fluid-precipitated zircon, namely from eclogitic veins in the Alps (Rubatto et al. 1999, Rubatto and Hermann 2003) . With the exception of one zircon fraction, U-Pb data for vein sample ADNA zircon define a cluster of concordant data at 429 ± 3 Ma (Fig. 6) . This is the first set of concordant ID-TIMS data clearly constraining the age of eclogite facies vein precipitation and, consequently, of both eclogite facies fluid infiltration and vein wallrock eclogitization.
Eclogite facies zircon in an amphibolite facies vein
Zircon from the m-wide amphibolite facies vein of sample HOL4 looks similar to zircon from the eclogite facies vein of sample ADNA (see above), with respect to size, shape, color, and abundance of inclusions. HOL4 zircon proved to be extremely resistant against chemical dissolution. Complete digestion required repeated addition of HF acid, and digestion times up to 3 months. We suspect that this refractiveness is due to an extreme chemical purity of the zircon. U contents are below 4 ppm and Pb contents of inclusion-free fractions are lower than 1 ppm (Supplementary Table 5 ). In addition, the nonradiogenic 208 Pb/ 204 Pb (between 38.18 and 38.54, Supplementary Table 5) implies that Th contents are very low (<<0.1 ppm), and that Th/U ratios are close to 0, as observed similarly in the eclogite facies vein zircon of sample ADNA. The U-Pb isochron age of 427.4 ± 0.9 Ma (Fig. 6) for zircon from the amphibolite facies vein sample HOL4 is, within limits of error, identical to the U-Pb zircon and Rb-Sr multimineral ages for eclogite facies metamorphism in the Lindås nappe. Instead, this particular U-Pb age value is significantly different from the Rb-Sr mineral isochron age for the same sample (414.2 ± 4.5 Ma, Tab. 1, Fig. 5 ). Table 5) . We therefore consider the zircon as xenocrysts in the amphibolite facies vein. Most likely they were formed during eclogite facies metamorphism, and later mechanically incorporated into the vein. The zircon U-Pb isochron age of 427.4 ± 0.9 Ma thus gives another hint on the age of eclogite facies fluid infiltration in the Lindås nappe.
Rb-Sr dating of eclogite facies veins
Our six unaltered eclogite facies vein and vein-wallrock samples all have yield statistically valid isochron correlations. Validity of the eclogite regressions is verified by MSWD values < 0.81 for all samples (see also Wendt and Carl 1991) . This implies that during vein formation all phases crystallized in Sr-isotopic equilibrium. Farther, diffusive isotope redistribution after crystallization of the vein assemblages has been negligible. In a multimineral system, such redistribution would inevitably be inhomogeneous and lead to Sr-isotopic disequilibria, which are not observed. Instead, the minerals of these veins remained as closed systems since crystallization. It has been shown before that initial Sr-isotopic equilibria among all phases of an assemblage, together with absence of a positive correlation between apparent age and grain size for mica, are sufficient criteria to interpret Rb-Sr multimineral isochron data from high-grade rocks as crystallization ages Glodny et al., 2005) . These criteria are fulfilled here, and we interpret the weighted average age of 429.9 ± 3.5 Ma as dating eclogite facies fluid activity. Field evidence shows that the fluids channeled in the veins trigger eclogitization of the wallrocks. Therefore, the above age in fact dates eclogitization in the Lindås nappe.
Rb-Sr data: implications for eclogite facies fluid-rock interaction
A remarkable observation in the Rb-Sr dataset for eclogite facies veins is that the fluidprecipitated vein assemblages generally are in Sr-isotopic equilibrium with their immediate wallrocks. This is evident for example from the sample pair 50-00V (vein) and 50-00E (its wallrock, cf. Tab. 1). The initial Sr isotopic compositions of these samples are identical within analytical uncertainty. For sample ABJ, megacrystic white mica of the vein is in initial Srisotopic equilibrium with neighbouring eclogitized former granulite (Tab. 1). Isotopic equilibrium between high-pressure veins and host rock has elsewhere been interpreted to indicate local origin of the fluids, from prograde dehydration reactions in vein wallrocks (e.g., Nadeau et al. 1993 , Brunsmann et al. 2000 , Scambelluri and Philippot 2001 . However, field evidence in the Lindås nappe shows that here the granulitic assemblages did not generate any internal fluids upon subduction, but only were locally converted to eclogite by infiltration of hydrous fluids from external sources ( Fig. 2a ; Austrheim 1987 ). Isotopic equilibrium between vein minerals and wallrock in the context of external sources for the fluids has implications for the mode of fluid flow. It appears that there was no continuous, long-distance, rapid fluid flow channeled in the veins. In such a situation, fluid advection would likely be associated with advection of Sr from distal sources. This would probably lead to local differences between wallrock Sr signatures and signatures of vein minerals. Instead, Sr-isotopic equilibrium is much better compatible with a scenario of pulses of brittle hydraulic fracturing (cf. ), a process that may be related to subduction seismicity (Austrheim and Boundy 1994 , Austrheim et al. 1997 , Bjørnerud et al. 2002 . This may have been followed by more static, local reactive fluid infiltration into the wallrock, which would easily facilitate isotopic equilibration between fluids and reactive rock. Near-static fluid-wallrock reaction is also consistent with the textures of the veins. Their often megacrystic appearance suggests mineral growth in open, fluid-filled spaces (Fig. 2 d,f) . The dominance of quartz and kyanite in many veins reflects the theoretically confirmed high solubility of Si and Al in eclogite facies fluids that are in equilibrium with local mafic lithologies (Manning 1998) . Eclogitization-related contraction of the wallrock ) sustains open space in the fluid veins and triggers additional fluid influx, at a rate controlled by the eclogitization reaction rates. Isotopic equilibration between fluids and rock followed by consumption of the fluid by the eclogitization reactions ) in tandem with only partial eclogitization of the granulites, indicates that the total volume of fluids has been small relative to the rock volume. In line with the conclusions of and in contrast to the inferences of Camacho et al. 2005 , in such a scenario the potential of the fluids to advect heat and matter on a regional scale into the granulite would be minor to negligible.
Summary: the age of eclogitization
Given the analytical uncertainties, our two zircon U-Pb TIMS ages of 427.4 ± 0.9 and 429 ± 3 Ma are indistinguishable from the published 423 ± 4 Ma age for eclogitization, based on zircon U-Pb SIMS analyses by Bingen et al. (2004) . Notably, these U-Pb ages are also identical within error to the Rb-Sr age for eclogite facies veins of 429.9 ± 3.5 Ma (see above). presented a number of 40 Ar/ 39 Ar ages of eclogitic white mica from the Lindås nappe, with age values between 429.2 ± 0.9 and 462.6 ± 0.8 Ma. While the older apparent ages were discussed as being biased by excess Ar, a cluster of well-defined plateau ages around 430 Ma was originally interpreted as dating a cooling stage. Recent studies indicate that in absence of recrystallization-inducing processes, eclogite facies white mica may retain its K-Ar system even through eclogite-to UHP conditions and subsequent exhumation (Giorgis et al 2000; Di Vincenzo et al. 2006 , and references therein). In the light of this finding, we suggest that the white mica 40 Ar/ 39 Ar age cluster around 430 Ma (432.6 ± 0.5 Ma; 429.2 ± 0.9 Ma; 429.5 ± 0.6 Ma; ) may be re-interpreted. It may in fact directly date crystallization of eclogite facies phengite. Given the consistency of the above age data, we consider a value of 429 ± 4 Ma as 'best estimate' for the age of eclogitization in the Lindås nappe. Potential age differences between individual eclogitization events (cf. Bjørnerud et al. 2002) within this time frame cannot be resolved with the currently existing geochronologic tools.
Timing and mode of the amphibolite facies overprint
Rb-Sr dating of amphibolite facies metamorphism Six out of seven investigated amphibolite facies rocks have yield valid, low-MSWD Rb-Sr multimineral isochron correlations. There is no indication for any post-amphibolite facies intermineral isotope exchange. Two samples of statically amphibolitized former eclogites (samples AB1, Fig. 2c ; and sample HUS 1a) showed some textural relics of the eclogitic assemblage, like incompletely reacted garnet. In sample AB1 this is in tandem with slight isotopic disequilibria among low-Rb/Sr phases (MSWD of data regression = 9.4, Tab. 1). While the high dispersion makes the age of 410.3 ± 7.9 Ma statistically questionable, it is important to stress that by leaving out some of the low-Rb phases the MSWD decreases, the probability-of-fit increases to >50%, and above all the calculated ages are indistinguishable from that calculated using all data points. This robustness of the age result despite moderate isotopic disequilibrium encourages us to interpret the age as geologically significant. For the other sample (HUS 1a), the MSWD of 2.3 is statistically still consistent with initial isotopic equilibrium. Rb-Sr isochron age values for all seven investigated rocks, including statically amphibolitized as well as strongly deformed samples, are identical within limits of error. We interpret the weighted mean age of 414.2 ± 2.8 Ma as best approximation to the crystallization age of amphibolite facies assemblages, and to the age of amphibolite facies deformation. The Sm-Nd mineral isochron age from the statically amphibolitized sample AB1 of 422 ± 10 Ma (MSWD = 1.2; Fig. 5 ) is, although imprecise, consistent with the Rb-Sr based age estimate.
Rb-Sr data: implications for amphibolite facies fluid-rock interaction
The process of amphibolite facies overprint by fluid advection is very similar in its appearance to the process of eclogite facies overprint. Amphibolite facies veins follow brittle fractures, and are accompanied by an amphibolitization aureola in host rock (Fig. 2e) .
Amphibolitization is, in the same way as eclogitization, a fluid-consuming process, not only in granulites but similarly in eclogites (Andersen et al. 1991a,b; Straume and Austrheim 1999) . As to the source of the advected fluids, our isotopic data provide no definitive constraints. We observe Sr-isotopic equilibrium at ~414 Ma between feldspar from an amphibolite facies vein, and minerals from the immediate wallrock (sample HU 11b, Tab. 1, Fig. 2e ). Field evidence shows that for full amphibolitization, fluid advection was required (Andersen et al. 1991a) . It remains unclear whether the observed equilibrated Sr signature is a mixture of fluid-advected and locally rock-derived Sr, or whether it simply reflects the vein wallrock signature at 414 Ma. Beside advected fluids, also internally generated fluids contributed to amphibolitization reactions in the Lindås nappe. The vast majority of the eclogites shows some degree of arrested, fluid-limited amphibolitization, with formation of disequilibrium textures (e.g. of symplectite around omphacite, Fig. 2d) , and without spatial correlation to major fluid pathways. Internal fluid production is caused by characteristic amphibolite facies reactions involving phengite-paragonite breakdown, as described e.g. by Heinrich (1982) and Franz et al. (1986) . These reactions are related to decompression and typically occur at ~600°, 8-12 kbar (e.g., Franz et al. 1986 ) which is confirmed by our thermobarometric data. This type of amphibolite facies symplectite formation is characterized by the same assemblages as the localized amphibolitization related to fluid influx. We conclude that amphibolite facies fluid advection, deformation, and static symplectitic amphibolitization all occurred at similar P,T conditions, and nearly contemporaneous. The age of 414.2 ± 2.8 Ma dates an episode of significant decompression and exhumation.
Temperature, fluids, metamorphic reactions: what moves Sr isotopes around?
As discussed above, assemblages in textural equilibrium show preservation of initial Sr isotopic equilibrium between all phases. In the Bergen Arcs, this observation holds for both eclogite facies and amphibolite facies assemblages. Preservation of isotopic equilibrium requires absence of any diffusional or reactive Sr isotope exchange after assemblage crystallization. Statistically valid multimineral Rb-Sr isochron correlations therefore date events of full (re)crystallization of an assemblage (cf. Glodny et al. 2005) . Temperaturedriven diffusion obviously has not been a major agent of isotope redistribution in the Bergen Arcs. Otherwise, the existence of unaltered, phengite-based Rb-Sr age information on the eclogitization event at ~429 Ma side by side (on cm scale, see Fig. 2c ) with ~414 Ma, similarly phengite-based amphibolitization ages cannot be explained. Furthermore, published age data on phlogopite in undeformed, ultramafic, granulite facies rocks from the area point to nearly full preservation of biotite isotopic signatures in these granulites through Caledonian metamorphism. Phlogopite-based Grenvillian ages in the range of ~850 Ma have been obtained both from Rb-Sr analysis (Kühn et al. 2000) and from 40 Ar- 39 Ar data (Camacho et al. 2005 ). This observation is at first hand surprising given the inference that the Lindås nappe experienced temperatures >600°C, in a period of at least the 15 Ma between eclogitization and exhumation-related amphibolitization. Preservation of RbSr and Ar-Ar signatures is at variance with thermochronological models which assume that thermally driven diffusion is the main mechanism setting 'isotopic clocks'. These models predict Rb-Sr and K-Ar isotopic resetting both for phlogopite and phengite, in considerably shorter periods and/or at lower temperatures than inferred for the Caledonian history of the Lindås nappe. However, recent studies show that under dry, static conditions classic models of isotopic closure do not apply. Dry, static conditions after crystallization can be inferred for the discussed unaltered granulites and eclogites simply from the unaltered preservation of even delicate granulite-or eclogite facies microstructures (Yardley and Valley 1997; Kühn et al. 2000; Schneider et al. 2006; and references therein). At such conditions, diffusional Sr and Ar redistribution is extremely sluggish, so that both Rb-Sr and K-Ar signatures of micas can persist through long periods with temperatures far in excess of commonly assumed closure temperatures, as exemplified in the Bergen Arcs and also reported elsewhere (Tilton et al. 1997; Boundy et al. 1997b , Giorgis et al. 2000 Di Vincenzo et al. 2006 , Glodny et al. 2007 ).
Our Rb-Sr isotope data gives another hint on what really moves isotopes around. All attempts at extracting Rb-Sr isochron age data from rocks with disequilibrium textures failed because of disequilibrium Sr isotope distributions. Two examples are presented in Tab. 1 (partially amphibolitized eclogitic veins ADNA and STRO1; MSWD of regression of 37 and 67, respectively; see also Fig. 2 d, f) . Because all investigated unretrogressed eclogite facies veins show Sr-isotopic equilibria, the here observed disequilibria most probably are related to the incomplete amphibolitization. We conclude that initial intermineral isotopic equilibrium relationships were either destroyed by fluid-induced recrystallization and isotope transport, or that disequilibria reflect incomplete mixing between rock-derived and isotopically different, fluid-advected Sr. Similar patterns of fluid-induced, arrested retrogression and correlated isotopic disequilibria are well known also from O-H isotope and from combined O isotope/RbSr studies (Zhang et al. 2003 , Chen et al. 2007 ). It appears that the mobility of trace elements is, as a rule, limited by that of the structure-forming major elements (cf. Villa 1998). Therefore, the preservation of an unretrogressed eclogitic equilibrium assemblage ensures the absence of diffusive perturbation of the isotopic record, and, in turn, textural disequilibria are associated with isotopic disequilibria (see also Villa 2006) . This implies that isotopic resetting is commonly achieved by recrystallization inducing processes, in particular by fluiddriven reactions, instead of by temperature-driven diffusion. This opens an elegant way to constrain the mineral reaction history and the tectonometamorphic history of high-grade metamorphic terranes. In the Bergen arc case, granulitization, eclogitization and amphibolitization can be dated side by side using the respective equilibrium assemblages. In combination with metamorphic petrology this yields P-T-t anchorpoints which are unbiased by questionable assumptions on isotope diffusion parameters.
Cold orogenic crust versus warm crust models
In a recent paper, Camacho et al. (2005) presented Ar-Ar systematics of phlogopite from msized granulite facies ultramafic lenses that are embedded in Lindås nappe eclogites. Phlogopite shows late-Grenvillian Ar-Ar ages around 850 Ma, in conjunction with heterogeneous intragrain distribution of excess Ar. Combining these observations with Ar volume diffusion modelling, the authors put forward a 'non-steady state cold crust model' for the Caledonian thermal and metamorphic evolution of the Lindås nappe. The model proposes coseismic, spasmodic injection of hot (700°C) fluid into much colder (<400°C) crust to explain the localized nature of eclogitization. According to this model, eclogite facies temperatures were only reached during heat pulses of ~10 years duration, and only in the vicinity of fluid filled fractures. Despite a tectonic position at the base of overthickened crust of a collisional orogen, ambient temperatures in the Lindås nappe were modelled to decrease from a maximum between 350 and 400°C shortly before eclogitization, to roughly 200 to 150°C during exhumation to mid-crustal depths. Cooling from below, by continuously subducting cold crust, has been invoked as a mechanism to avoid thermal equilibration to temperatures above 400°C. The model is at variance with several structural characteristics of the Bergen Arcs eclogites (Bjørnerud and Austrheim 2006) . It also fails to make the distinction between attainment of eclogite facies P, T conditions and the actual growth of an eclogitic paragenesis, by passing over that metastable preservation of out-of-equilibrium assemblages is the rule whenever water is scarce. Our new geochonologic data, together with field evidence, are similarly at odds with the proposed model. First, incomplete, fluid-limited amphibolitization is ubiquitous, and not confined to the eclogite-rich domains of the Lindås nappe. This shows that the entire massif has been at ~8-10 kbar, 600°C at ~414 Ma, and that the granulite facies phlogopite indeed has seen 600°C and more in Caledonian times. Second, the partial amphibolitization was decompression-related, and there is no evidence for decompression-related heating. This implies that the eclogites have been at ~600°C and more for a prolonged period of time before amphibolitization. Third, a hint to the overall thermal conditions during eclogitization comes from isotopic ages of granitoid dykes occurring particularly in the eastern part of the Lindås nappe. dated such dykes, using U-Pb zircon, Sm-Nd and Rb-Sr multimineral isochron data, to between 431.6 ± 5.1 Ma and 418.2 ± 9.2 Ma. Granitoid dyke formation was interpreted by as an effect of subduction-related hydration in the less deeply subducted part of the nappe. This suggests that these dykes are contemporaneous, more 'shallow' equivalents of the eclogite facies veins in the western part of the nappe. Migmatization of granulite facies country rocks close to the granitoid dykes , together with coherency of the Lindås nappe during subduction (Jolivet et al 2005) indicates that temperatures of >600°C were reached throughout in the Lindås nappe during the eclogitization process, not only in the eclogitized parts. It follows that most likely a temperature regime with T>600°C prevailed for ~15 Ma, between eclogitization and amphibolitization. Last but not least, the Camacho et al. 2005 model implies strong local thermal gradients during eclogitization, between 700°C within fluid-filled fractures and <400°C distal to fluid pathways. This should be reflected in mineralogical gradients, namely in eclogite assemblages (700°C, 15-21 kbar) grading into low-T blueschist (< 400°C, 15-21 kbar), as a function of distance to fluid pathways. In the local metabasic rocks such blueschist facies conditions would result in at least local growth of minerals like glaucophane and lawsonite -which have never been described for the Bergen Arcs. Instead, there is evidence for eclogitization with very low reaction progress even in granulites far away from fluid pathways, namely growth of clinozoisite needles in plagioclase, and formation of omphacite + garnet + kyanite reaction rims along contacts between spinel and plagioclase. It appears that the 'non-steady-state-cold-crust-model' (Camacho et al. 2005 ) is based on a set of Ar-in-phlogopite diffusion data derived from hydrothermal experiments at pressures much lower than those attained in the Bergen Arcs eclogites. Because preservation of granulitic phases (and Grenvillian isotopic signatures) is clearly related to absence of aqueous fluids, this set of diffusion data is an inappropriate input parameter for diffusion modelling. In addition, hydrothermal experiments are certain to produce incorrectly high 'diffusion' rates, because of the occurrence of dissolution-reprecipitation reactions, mimicking diffusional element mobility (Wood-Walther effect, cf. Villa and Puxeddu 1994) . For these reasons, adoption of hydrothermal experiment-derived Ar transport rates for modelling Ar diffusion in dry granulites at depth is fallacious. As discussed above, predictions and implications of the cold-crust model consequently are at variance with structural, mineralogical and geochronological observations. It does not contribute to a better understanding of the metamorphic evolution of the Bergen Arcs eclogites.
Tectonometamorphic history of the Lindås nappe
Our data put some new constraints on the tectonometamorphic history of the Lindås nappe, and provide insight into the dynamic evolution of the Caledonian orogen in SW Norway. The eclogitization age of 429 ± 4 Ma is consistent with independent estimates on the onset of Caledonian continent-continent collision. First, paleomagnetic data indicate that the previously rapid convergence between Baltica and Laurentia significantly slowed down between 430 and 420 Ma (Torsvik et al. 1996) . Second, geochronology of mafic-ophiolitic complexes along the Scandinavian Caledonides indicates a maximum age of ~435 Ma for the onset of continental collision (Andreasson et al. 2003 and references therein) . Third, in the foreland of the Caledonides (Jämtland basin), transition from marine to continental sedimentation (cf. Gee 1975) reflects mountain building in the orogen during the Wenlock (428-423 Ma; IUGS 2005), probably as a result of crustal thickening. Convergence between Baltica and Laurentia in the Mid-Silurian has been fairly rapid (8-10 cm/a, Torsvik et al. 1996) . Crustal thickening and mountain building therefore most likely have been rapid processes as well, confined to a time frame of a few Ma after incipient subduction of continental crust. The initial crustal thickening is thus constrained by the Wenlock sedimentary signal to latest Llandovery times. We conclude that with an eclogitization age of 429 ± 4 Ma, the Bergen Arcs eclogites once formed part of the leading edge of subducted Baltica continental crust. Subduction-related burial proceeded within 1-3 Ma as indicated by plate convergence velocity. Long-term (>1-2 Ma?) 'storage' of the Lindås nappe rocks at mantle depths prior to eclogitization can be ruled out.
Amphibolitization at ~414 Ma is related to decompression. We adopt the recent basalaccretion-type model for decoupling of the Lindås nappe from the subducting slab and subsequent exhumation to mid-crustal depths by tectonic extrusion (Jolivet et al. 2005) . It follows that the eclogites persisted for nearly 15 Ma (429 ± 4 to 414.2 ± 2.8 Ma) at the base of overthickened continental crust, at depths corresponding to >10 to 21 kbar. This prolonged residence at depth prior to amphibolite facies overprint is in contrast to many recent geochronological datasets for other collision-related high-pressure nappes, for which rapid exhumation immediately after eclogitization has been demonstrated (Rubatto and Hermann 2001 , Hacker et al. 2003b , Glodny et al. 2005 . Possibly this contrast signifies fundamentally different, yet not understood evolutionary modes of root zones of collisional orogens. Age data on regional deformation and faulting further constrains the significance of the amphibolitization event in the Lindås nappe. Fossen and Dunlap (1998) presented a group of muscovite and biotite 40 Ar/ 39 Ar ages in the range of 408 ± 6 to 415 ± 2 Ma from regional topto-the-SE shear zones. They interpreted the ages as dating a late stage of SE-directed Caledonian thrusting of the Bergen Arcs nappe pile onto Baltica basement. Coincidence in timing between nappe thrusting and amphibolitization suggests that the amphibolitization relates to an event of tectonic exhumation, in a setting of large-scale orogenic convergence. Final exhumation of the Bergen Arcs eclogites from amphibolite facies to upper crustal levels most likely has been aided by extensional faulting. The age of ductile deformation along major W and NW-dipping extensional shear zones, including the Bergen Arcs shear zone, is given by 40 Ar/ 39 Ar muscovite ages between 402 and 394 Ma (Fossen and Dallmeyer 1998, Fossen and Dunlap 1998) . Summarizing the above results, the tectonometamorphic evolution of the Bergen Arcs eclogites is a prolonged history of subduction, storage at depth, followed by initially syncontractional and later syn-extensional exhumation (Fig. 8) . This prolonged history is in marked contrast to the much more rapid subduction-exhumation loop recorded by the tectonostratigraphically lower Western Gneiss Region eclogites. In the Solund-Dalsfjord area, some 50 km N of the Bergen Arcs, granulite facies rocks were eclogitized at ~405 Ma, and exhumed to upper crustal depths shortly thereafter, in a time frame of ~5-10 Ma (Hacker et al..2003a; Glodny et al. 2007 ). Collectively, the data from the Bergen Arcs and the WGR eclogites record a ~30 Ma history of Caledonian convergence, crustal thickening and attempted subduction of continental crust, prior to extensional orogenic collapse.
Conclusions
1. Rb-Sr multimineral internal isochron data can be used to date separate stages of the metamorphic evolution of high-grade polymetamorphic terrains. For the Lindås nappe, distinction is made between late stages of granulite facies metamorphism at ~850 Ma, Caledonian eclogitization at 429.9 ± 3.5 Ma, and an exhumation-related amphibolite facies overprint at 414.2 ± 2.8 Ma. 2. Metamorphic veins are ideally suited for geochronological investigations. This is because vein formation can be related to specific fluid-rock interaction events that control the reaction history of the country rocks. In addition, analysis of vein material circumvents possible problems with isotopic disequilibria due to isotopic inheritance. 3. Eclogite facies veins may contain fluid-precipitated zircon, suitable for U-Pb geochronology. A population of such zircons dates the eclogitization process in the Lindås nappe at 429 ± 3 Ma, consistent with the Rb-Sr data. However, both the observation of Grenvillian zircon in eclogite facies veins and of eclogite facies zircon in amphibolite facies veins shows that presence of xenocrystic zircon in vein assemblages may be a common phenomenon. 4. Intermineral isotopic equilibria for the Rb-Sr system are only observed in texturally well equilibrated rocks, i.e., in rocks devoid of textural relics. This finding can be utilized to define PTt anchorpoints for constraining tectonometamorphic evolutions, by direct linkage between petrologically defined PT data for equilibrium assemblages and isotopic ages -'What you see is what you date'. 5. Subsequent to eclogitization, the Lindås nappe eclogites resided largely unaltered at the base of Caledonian overthickened crust for ~15 Ma, at temperatures in excess of 600°C. Exhumation occurred in two stages, a first stage from eclogite to amphibolite facies conditions (8-10 kbar, 600°C) by tectonic extrusion, and a second stage from amphibolite facies to the brittle upper crust, likely by extensional denudation, nearly 30 Ma after initial subduction. 6. Geochronological data from the Lindås nappe confirm that for rocks at dry, static conditions, diffusion parameters often used for thermochronological modelling do not apply. Perfect preservation of initial isotopic equilibrium for 430-Ma eclogite assemblages indicates that intermineral Sr tracer diffusion has been negligible, despite residence of the rocks for at least 15 Ma at temperatures commonly considered critical for isotopic resetting. Lack of any published 40 Ar/ 39 Ar apparent ages younger than 429 Ma for eclogite facies phases of the Lindås nappe suggests that at dry, static, eclogite facies conditions even Ar in mica phases is virtually immobile. We conclude that recrystallization-inducing processes, like fluid-rock interaction, are the principal agents of isotope redistribution. Instead of temperature-driven diffusion, fluid-induced metamorphic reactions have set isotopic clocks in the Bergen Arcs.
garnet; omphacite and amphibole in equilibrium (?) intergrowths; biotite (rare), rutile, albite, epidote/clinozoisite quartz, zircon (rounded shapes). Minor amphibolite facies overprint. (Husebøvatnet, Holsnøy; UTM   2   81635   67 23785) Quartz-kyanite vein, several cm wide, with eclogitization aureola in wallrock. No foliation. Vein and immediate wallrock were used for analysis. Assemblage: quartz, kyanite, omphacite, garnet, apatite, phengite, zircon (very rare). Near-perfect eclogite preservation, apart from a local greenschist facies crack, along which eclogite reacts to fine-grained chlorite-biotite aggregates. 77-99 (Husebøvatnet, Holsnøy; UTM 2 81635 67 23785) Quartz-kyanite vein, 1-2 cm wide, with eclogitization aureola in wallrock (Fig. 2b) . Vein material is slightly foliated. Vein and immediate wallrock were used for analysis. Assemblage: quartz, kyanite (dominant in the vein), omphacite, garnet, phengite, apatite, traces of magnetite. Near-perfect preservation of eclogite facies equilibrium assemblage. HUS2 (Saetrevik S-Laget, Holsnøy; UTM 2 83440 67 24345) Vein-like felsic mobilisates, in mafic eclogite. Vein assemblage: epidote/clinozoisite, quartz, paragonite, phengite, rutile, albite, apatite. Rock is considered as eclogite facies, because typical phenomena of amphibolite facies retrogression, like biotite growth on white mica, are absent.
78-99
Amphibolite facies assemblages (veins, and retrogressed eclogites)
HUS1a ( (Fig. 2c) . Assemblage: amphibole, plagioclase, apatite, epidote, biotite, titanite, zircon, quartz (rare). Eclogite facies textural relics (reacted garnet, rutile) are rare but suggest that the rock previously has been an eclogite. Tab. 1 and Supplementary Table 4 . Abbreviations: wm, white mica; bi, biotite; m: magnetic (Frantz separator) at 13° inclination, and electric current as indicated. a Codes in the fraction numbers are zir, zircon. Abbreviations are: 3p, number of crystals or crystal pieces; 30-100 = size fractions (µm); xen, xenomorphic; inc, with inclusions; sp, short prism; pr, prismatic; id, idiomorphic; fr, fragments; pf, polyfaceted. b Total common Pb in sample (initial Pb + blank). c Data corrected for fractionation, and common lead in tracer d Corrected for fractionation, procedural laboratory blanks (< 25 pg Pb, 3 pg U), and initial common Pb (calculated following the model of Stacey and Kramers (1975) . Pb fractionation correction is 0.11% / amu (± 0.05% 2σ). 2σ uncertainties on the isotopic ratios are calculated with the error propagation procedure of Ludwig (1980 Errors are reported at the 2σ level. An uncertainty of ± 0.5 % is assigned to Sm/Nd ratios.
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